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Abstract of JP 11 0741 98 (A) 

PROBLEM TO BE SOLVED: To lessen a 
semiconductor thin film in surface roughness so as 
to improve it in quality by a method, wherein an 
amorphous or micro-crystalline silicon film which 
contains hydrogen less than a certain value in 
concentration is irradiated with an energy beam. 
SOLUTION: A silicon oxide base film 2 is formed on 
a glass board 1 , and then an amorphous silicon (a- 
Si) film 3 is formed thereon, wherein the a-Si film 3 
is less than 1 x 10<20> atoms/cm<3> in hydrogen 
concentration. Then, the a-Si film 3 is crystallized j— - 

being irradiated with a laser beam 4 to turn into a 
crystalline silicon film 3a of high quality. It is found 
through an inter-atomic force microscope that the 
surface of the crystalline silicon film 3a is less than 5 

nm in average roughness per 1 0 &mu m or less. The s 
amorphous silicon film 3 is as thick as 20 to 60 nm. :* 1 J 
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yf-yy^-t^tzibcomi-t UNlIllF7y-^?S: 
-Ci4, ^+7?fiW±©*8l N 7 ^^^^^la^ij LTV^S 

flEB©H*ffli« f 5 ^-^ ^ -ota | L -CiftH Sr*T 

5. 

[0058] I3tt:©ll *JgJF^©T 9 7 J 7'V h 

y ? ^a«©H*ffl?*si h 7 9 (Dimnm^-r 

mxh V . (A)*»f)(E>(OlWi::ffiHxa*s)l»fcilMrr 

rii+a t *©, u-*-3tMitxat*j»tsiai»Bi-p*> 

' L H f I i [-14,- J. < . , r ,7 v ^i„, 



7-9 1 7©Hrffi£H3 (EMc^LT^S. 
[0 0 5 9] £1\ Ba3(A)fcjSi-J;5fc. 
l±.\cm%.\tX'<y* V y^tioTHJ 3 0 Onm 

T, f § 2 0-6 0n«i(iia3 0 n m)O# B a a f^* 
(BT, a-Sitv^5)K3SrdUH-5. ±fET*J!l2 
t a-Sil!3te, ^/^f-^^-^^y;?!) 

t a-Si«3»JHMHfe»*lfc±U J:t)S^bfc#tt 
»IIf7^?t;#5;i:«§5. ±IEa-Si 
«3©^je*#iLr»i, 2 OO'Ci^Pfi 

U *B^©¥iMJtS«* 1 X 1 0~ 7 Torr«Tt LT^ 
T/P=*v#*#H*'*'fcTjau*$:fT5. ±8Efi£8ly 

fcs##f ft (siMs)ia!) ufcfeji. 5 x i o 18 

~1 X 1 0 19 atoras/cra 3 T?feofc 0 ft:fe\ ±fBa-Si 

jk 3 -^^nm^mza <o »j 

S^ftx, fes^sfrefcs©-?, ^-^©wsitev 

TPStl, 1X10 ''atoms/craW) £^ LtJ3 5 . J! 

[0 0 6 0] l3(B)tSti?t, 
4 £ a - S ill 3 fcflgW U a - S ill 3 *^i,{k; Lt, 

its mm 3 a*j&si-a. 

-f-'-TttUT, XeClxifv'vWf^{$l3 0 8n 
m, ^V^«4 0nsec)SrffiV^5 0 ±B W— S*-* 4 (DflR 

BWl^tSffiSr 2 0 0-5 0 0°C(f!lx«4 
0 0 °C) KMML, mtt^/^-teg. 2 5 0-4 0 On. 
j/cm 2 (0iJx.li3 2On,j/cm 2 )tL/c o XREfctt, 14 

-3tt«r«ft3fe3lEi-S r t T% «S^BIitefcoT a - S 
i«3**Mfcft;1-5. -hSE^— !f-fttt, B4Wsv^ 

( C Itm 7L tt* 1 5 0 ram X 1 mm) O&RSgmt tKZ 
^^^^-if-KioTiSM^HTfo^, ^© 
Sffl*ftl2 01C|il7jk*a$^5o 

ii, 2 0 !:ML-C^M©ig^B77^/H 

9%%VXt3<9. a-SiJi3t*fi-5^StLt^{it© 
3SS^2 107^ VT-*§ixTV^5 0 Lfc#oT, -t© 
tr-A« 2 2 XK£IMMt:K:*-£-*-S4GH 

-Cfe 19 , \s—f—%<D 1 K T^JMb £^5 <W * 

JI 3 a©flifi, f-Atg 2 2i46„ 
[0 0 6 1 ] ^U, ±IEU-if-3tl 9^^St°y^ 
2 31^2 00^1^1,^5)1*^ gWtfS 



±!EU— if-Jtl 9 TH, *Sfyf^0. lmmilgJt 
Lfcfcfe, ^*K3offi»w-*teo#lH 0 0©^ 
— ^-BBIt* fxfcixs. :oi5fc UTS fetifcS&tt 

*SI 3 a^ffi©¥*9ffift S RaSrJR-^RI^IWSiSE (A 
FM)l:t, 5 wm D^T©^!JTtcMLTitei-5i 
3. 5-4. 5nmmSt, f£*fcJfc'<#1lfK::*A-.*fe 

t , f± 2 5 0-3 0 0 nmgjg-efc 0 , iSH 

i&^(DmieiKWfi\&<n^btiX^ti a £fc, ±iafe a B B 
tt^SJgSal'&VNt, 7J"5XS^ 1 ^Bl^bfcSlI 
R©*&H4*rfMPt5fc», ^-^SMftttK: J: •> ft* s 
i ©7^-/>-t"— ^§:S^|*l©{£s©l 0 
U ^©^-ttSrl¥ffiLfc„ *<0«f*, *©f-^^tt 
^fi{44. 6-4. Scm'^tBHrt-efct), 

ffll-en, Pi#©9J^!;:Tt-^^B^ii±4. 6-5. 

[0 0 6 2] ftt, ±fB«f*14^'f*K3a©^||<c8|5 
:if, El 3 (C) tSi- J: 5 **^M^|« 

[0 0 6 3] §l£igc#, H3 (D)t-^-fJ:5(-, ±IB© 
?§ttW t *5 a^©^-f «H 5 trS 5 ± 5 CJ? S 2 0 
-15 Onm, 0 0 nn©^^^ h 

^&Jf7 i LT)$Jii-5„ ±taitfc^--i'*M©ffMt 

Si, r rtiJTEOS (Tetra Ethoxy Ortho Silicate) 

ZWMtu it*itttSffi?a^i 5 o~6 o ot; 

G9F4U<{±3 0 0-4 5 0°C)T\ RF (aiaiS)7°7X 
-7CVDffi-e^»-it^bfc 0 ifcS^H:, TEOSSrJg 
^ t UT^-y ^-H* 1 1 1 fc«BE CVDftSfc I4#£E' C 
VDSCiot, £ffi?fi)t&3 5 0-6 0 0°C»TSL 
<Si4 0 0-5 5 0°C) t LTffi5$LTt>J:l\, 
[0 0 6 4] ai^M^r, ^y^Dy^StioT, 
3 0 0-6 0 0nra(1?!lx.f±*4 0 Onm) ©T/US =t> A 

>/lt, f~ vmrn 8 sr^-r 5 „ ±ta^- h aw 8 
mmxftmznzsf- Y^y-< >-(ii^-t~f)cg 

h«:1l8tA73^tL5 0 Jbl^ r©r^5- 
-7A©<7"'- hmil 8 ©«ffi^^«-ft L-T, gBCUb 
•I9t«*t5„ i©«**JH3(D)fcfta-f<5. ± 

ta^- h s ©^tinfkii, s^it^s 1 ~ 5 

20VI T«ES:±rf , tO«|1? 1 R»nfiM« UT,^T 
rroi5H UTWfcixfclWbttJi 9 ©^-$(4 2 
OO.nm-CfcS. **5, J=1BHMk«l* 9 t±. IW*VK 



[0 0 6 5] |3(D)t^fJ;5l; 1 ^^K- 

tr ^^ftiaoT, y- h «ai 8 1 * m<ommm 
9 ^-^^^ t uxffitt^«t?F#B*(y >-) l o £ttA-t 
5„ ;:©££© Y—VstfiJ^b LT, y±7,y^v 
(PH,)5:ll\ iPit®Etr6 0-90 kVMx.ll 8 0 
k V) , K-XSSr 1 x l o 15 ~ 8 x l o 16 cm*(Mx.Jf 
2x i o I5 cm" z )i:1-5 0 rciStit), ^M#J^a 
A£titfWi 2, i 3«, ttMh7y^^©y 

H©ltft;JI 9l;?x^ ti^MWSA $ ft* </ l 

1 mcmm h v (dj-y *'mm*T&i£i- 

So 

[0 0 6 6 ] ^©fL ^f-jtroMtJ:otr=- 

XeCl^^^V— tP— (jK*3 0 8nm, /^Xip|4 On 
sec)£JBV\ Mtt^/l^-iSS 1 5 0-40 0mj/cm 

2 tt?S L < (12 0 0-2 5 0 mj/om 2 ) -CifJt Srfr 0 . - 
5 L.tM$JlfcNl^li(!(!) 2, 1 3©-> 
— hJgJTtf*, 2 0 0~8 0 OQ/Dtfcofc, 

[0 0 6 7] -& LT, 0 3(E)t*ti5t, J¥£ 6 0 
0nmfe^©H{b'7--l'*Jl*Jifl i ]ie3tmi 4 £ UTff^l" 

5„ ±mmit^4mmts TEos^wMtLx, m 
tSiio/7XYCvDS* -y t (ommcv 

Dfefe5v^^±^JECVDife^rJ:oTffMi-5ts J£M« 
[0 0 6 8] Rfc, ±CJ|||||ftWlll 4tay^ h* 

-/^MLT, y-^igi 5 iiitiieeM 
•rs. ±!Ey-*m&i 5 », &jR*ffk fflz-imit?- 

Kih1-5SW©^yriii: L-CiSlt^HSo Sit, ±SE 
fl^f&L, ^By-X^^^y^LTy-^iSl 5 

tefcfgtft-^&A^-rSo ±EB?fmsi6tt, itoi 

[0 0 6 9] -^LT^fC, lSEE©7KJg#HMtr'3 
5 0 o C-ClBfr«lSit©T--^^tfV\ l3(E)(I*t 
Nl»F7y^^ 1 7*^J*S*5. ±ET=-/U 
jBSttt, ftflg h 7 * i 7 ©ffiteW*/^- h£ 

&IR©#E!'7X*If U &K h 7 Wxfim. 

Sr*ftS*5^j*Hf^^S:««t-6a***>5. 4*5, 
$ £ftl!K 1-7^7^17 ^Iff 5 B WT\ &K& 
ffiBlfO* S iH 4 i: NH,?rM^ t Lfr7°y X-v c V 



[0 0 7 0] ±EIIS 1 !«»«fcttoTfls«3*lfc** 
1-7^^17^ MIWT- 8 0 - 1 0 0 cm 
Vvs, L£Ht«BEl. 5~2Vi^5ltfiffc«H4«: 
*Lt„ st, /^rtoigF^y^x^ffl^-ttft 

Vgg i t ftff *> '3 , $5 0 ig Lite LT t#tt© 
£yttt£< JLb*vf, ff*lt£fc^7#fcji5v^©T"foo 
fco ^©S*:, ^<»%\WfcrM\z.Xftmi£h1i.T9*r 

L, ^BS^SrfTofc^, *«>9>'^^«Mt©^ 

^^**^o n p{i©^fi^gg^s -e 1 1„ 
[0 0 7 1 ] r © J: b m?SH©Jlf 7k*ilS^ 2 x 

1 O^toffls/cm^Tt-f Si £ T\ ^-if-fllt^© 

B B B tt^*Sl3at*3^TSl®©K|-.tt^^±-r5 0 * 
it, SB7 7*^*Ma«T-t, ««^i-*5(t5ftH 

< 1-3 r i Sfcfe, =k 0 g» n »S4g B a B 

tt*-^ »K 3 a-C* 5 ¥«f£j*flf Sr » 5 - i *J T? # * . 
^?LC, ^©^j»*?f.81^iJfflUT, J; 9 JKtttBfcS* 
I^iftgimtSrt^U^S. St, BZW 

i"±5C, ttiHlft*5H-S!I^7K*i«^^2X i o'V 
oms/cm £tTT?te, Ra^jgfp LT^^-t5 

©T% BI^7X*iig&2 X 1 0 I9 atoms/cm 3 aTi1-5 

[0 0 7 2] St, l^-^-.fSMXSt^^TfiSW^^ 
V^TIBI*©ilSv^tta»*6)ii5i:#t, SB7 7*x 

[0 0 7 3] St, feK^^S¥4SffiftSRal±, JST- 
P B ^W«»(AFM){cr, 5 MmD«T©liJ^ y Tt 
M L-c ay S $ nfcttT hh<nx\ ■y-y'nmjr- ST© 

[0 0 7 4] S7t, ±f5# B iW^^*Sl3SrJl$ 3 Onm 
tJKfRft LT, m £ 2 0 ran- 6 0 nn.©$SH fttt5ri 
i^SoT, XeCl^*S^U-1f-&|fJtL, ^BtHfc 

#St^7toT)^-t^ML, ttAtt^^cd < J** 
■fSt* K"- , Sftfig© tf b o S t /h S < ^ i 5 ^ t *s 
T*^5„ ±EXeClai*i'TU— f~BMm^ 



(omM^-^-icXb-f, 5nmWT(-rPx5 i t A*X 

[0 0 7 5] *fc, ±fB#ftW^^*flS3*iftft{b-r5 
fcfcf)x^v3f-t*-A|;tfi5 0 0nm«T©XeCl^ 

*J1 3 5 5KJ|X#*3&S® fc~trijV^fc&, # 7 * 

1 Kftlft^ -^Hi5r t ft< , *S«^W*K'3 

-%*m\^^tX\ **JI^Sf«3Sr»«FK:. Hb£ 

[0 0 7 6 ] ±tevy fSrfflvfc* 

A. 5 fc*, SftTfgTkl^t©^! JC^-T S?81 3 Sr#5 
[0 0 7 7] ±tBMO Sfllit^TS h y 7°^- 

vmmm v ? 1 7 ©ffitt«s« B H 0 tt^sflS£ 

3atcj; 9ffMLfc©T\ Stt^«*M*s*fee>i>t* 

815 y ? ^SHS*?* , ifJJl h 7 * ©«JMSb*» 
<ft3„ IMts+^-ftitotfbo 

zmik<Dmm h 7 9 mx-nmani b-o t £ 

5 ft#7 1 ±&*fta*K h7>-^?i7 #K 

[0078] (m 2 mmmm) z ©?g« ©a? 2 %mm 
(D^mimmts x m ©Mil* 4 # fttt^smsss 

mm®\ lammwM, ^mtmm^m^m^mnx^ 
[0079] m 5 14 r ©m 2 

v^r^f^^ h y ?*s9£©ffit©-is*gR#£^ 

•f¥EHTf*>5 . 0 6 ( A) ~ ( E ) (4Si*Jlitll by^iy 
^^(DSm.xm.^U 0 6 (A)*^(E)©)ii(cxg^ 
Wm.iMfi1-Z>. 0 6 (E)»4^5©VI E -VI E H^e,I,fc»f 
EBStSU 4 7i4HS?;W yfy^©NlfIh7 

[0 0 8 0] ST, l6(A)C^fi5t, itv^mSL 
3 l±tj*ECVDiS(rJ;o-r9:$3 0 0nnfgg©Bft^b 

^-r*W3 2±^ ^BECVDStJloT, J?£4 0nn. 

i m) ©#f B «^ mm a - s is© 3 3 * 



J&flfT 5 o r<7> t # © j^SI^ft t L T (4, fiScSIM^ t L 

x s i h 4 # * v \ mm ! && (Rjsaa) 5 5 0 ~ 6 0 

0lC(«lJxli5 8 0t)tLt, tfXjE^O. 05-0. 
3Torr(0iRf4*O. 1 5 Torr) t Lt, a-Sifll3 3© 
±S«^tTofc 0 -©4 5l-LT#5>fLfca-Si^3 3 
t: S I M St £ <9 #W LfcfeU, 2 X 1 
o"~7 X 1 O^atoms/cmU&Xh-ofCo 7k*?iJt© 
Kftttt J: LTI4, ft 1 f * y v^feKit 

i>W£^51^©)!I<t>}*Itf4, 5 X 1 o"~ 1 x 1 0 
!8 atoms/cm 3 fc fcffllft-Cfcofc. 

[0 0 8 1 ] 1 SUfeJgtt-C^fc^Sefc WHO 

M£&^\ a - SIK8 3(CXeCl^^->-7V-if- 
(i£fi3 0 8nn, /^X*I4 0 nsec) 3fc 3 4 ^li^TfeS L 
fttfSibifJtU a-SiSM3 3<D$SM 1 ii:*ft0 o r©x 

-r^IfSE©¥^Effi^Ra&)aiJ^T5i, 4~5nme 

1t7--f^1ST-(4, *ffi©¥*&Ba$Ra^4~9nm©fS 

<(4'6,o< 0 r©±ft(4't>o§|4Sffp1lfttfbot 
t?*>D, r©»B/l-C'i4 s r5v^oft^fiIf B ^ ]ft#^•M 
#,#^tjgHT5(4^ot^^#<1gM$tLSo ^©m 

2 mmmmx-n h ^tzm^\^4 mm^^mmt 3 0 

0-4 0 0 nmmSt-fc *9 , ^ 1 $mMM<DX'< vV)V 

yma. <on bntc^ity-^mmictt^x, m=&z* 

[0 0 8 2] Scjc, ±!Efefttt^-<*)B!0=F®!5caJ^* 
lit?, 116 (B) l^-f 4 5 /j:*^ W^HtSrff 

o-c, ^(-^^^^^^^©^^^(y-^/Kv 
-Y ^^^/w^)i3j;t>*»^*©T^mfrIS: 
«^i-5A^©fe B B 14^*ll3 5Sr^i-«„ r©t 

[0 0 8 3] 0 6(C)l^t±5t, ±IESf B tt 

7-^*fll3 5©^fl«±('7* h I/'/*/ h*^*b, 
^Tfe • iLffeLT-^? 3 6 t-fS. ±fB-5-^^3 6 ti 
9 x ftlc#JI Yyv-y7^ (D^-r^-MMm t ft 5 f 5#© 

^^''Sit 4oT, 7^ h 3 6 9 t LT^ 

m> ( y >-) 4 o r © 1 1 © k- t°>^^ 

tUT< 7*7 7^ y(PH,)tffiV\ MfflESr5~ 

3 0 k V WJ7t(4* 1 5kV), 1 X 1 0 ' 5 ~ 8 
X 1 o' 5 cm" 2 (Mx.H'2 X 1 o' 5 cm" 2 ) iT6 0 ^©11 

$ ^TttWg 4 3 14, -y:."^774 7© K U-f 



mt^m^M4 8<dt&wm4 3&M&tz> 0 ±my* 
v h 3 6 isft^matmx&tits.^'fm. 

4 lfi, mz-WMYyi/'y^Z 4 7 <of-\^/vmi$.bfSi 

[0 0 8 4] jfcir. 116 (D)i^-r,t5(-, 7t h Uv? 
^F3 6^S4U AttOfe&te^-f *H 3 5 &r?M 5 J: 
5i-JS£ 2 0-15 OnmCcrT-Hl 0 0 ran) roS&ft-Jr-f 

*II©ffMi'tt, TEOS (Tetra Ethoxy Ortho Silica 
te) frJKft iU »* t t t> (CSffiaa 1 5 0-6 0 0 
°C(£?4L< 143 0 0-4 0 COT?, RF^XtCV 
Dfe-C^? • ±tffiLfc 0 * LT, iftMft, hfettlft 

3 7 S#©/<^ ! {'WfeJ8J:ttBiiitt^*Ki^- M6 

TT*4 0 0-6 0 0 o CTfcB#PBl©T = -/^fT5o 

-©r--;i,>!iiia^ si*£4 2£>4t>*4 
3 iz y-^f&kittmoi^mt&ti, «4 2*5 
4t>-4 ■dmmmtztitz.m^, *<o->- hmmts 0 

0-2 0 0 0 Q/Di:&5 0 
[0085] sitatv^r, ^jr^yy^stioT, 

II£300-50 0nm({5!ixJ4*4 0 0 nm) ©T/V 5 - ? A 

LT, -7 s - MSti3 8 a t#Si^*4 8©±£|5«@3 8 
b «rJS?J#i-3„ ret, ^*-M«3 8 a(4¥BWI-a 
tti4\ a5|C^tJ;5t, No. n©y-h^7-fyS 
WfifeL-rtS'?, Ml* 4 8©±f|3'e^3 8 b!4No. n 

[0 0 8 6 ] -t LT, H6 (E)t^i"4;5(C, J¥£ 5 0 
0nmgg©g^t:>r-l'*)!I&ii^«*Jl4 4 & LT^fifc-*" 
5„ i:E^k^^*M(4, TEOS^MiU, r.ti 
illtC/yXvCVDM 7c tt^-y y t (OUR C V 

[0 0 8 7] Jimfif*(jl4 4 I- 3 V* * h 

y-*fHS4 5 tlili4 6&*j*-f 

5 0 y-*m®4 5f4, «w, mz.tzmkTf'^k 

XS!f4, T/u- 5 = ■> .A^-f^jf lct£1ft1-5 ©IrKihl- 

si^'yrii LTf5itbtt5„ ±teis«sS4 6 
14, 1 Tom^mmmmmizxvBf&ztiZo z<ot% 
(o^m^mR^i- vntitf., ms^-rx^^ y- 
^1145 (4, nih7y^4 7 t«wifs**ea 

[0 0 8 8] -t LTfttltC, l^J±©7k*#HM^T-3 

5 OlC-C'l B#P^S»T=-^Srm\ El 6 CE)\C^rt 



Si" 5 I #TC\ M4Iifio*7"7X^cvDftti; (9 

mmx% a-utu^. 
[oo8 9] ±m%2mmm\zfe^xftMisfrtcmm 

f ©idraxT, -tro^^^tffg4 1 i^©aa§»4 

8»TiftS4 3©*ffi^tt.SRa%*lC4~5nma 

fctifi. z\<r>%2nwm\cxft 

[0 0 9 0] E©J:$|c, ffllSBf ©!S4>7K*$li££ 1 x 
1 0*\toms/cm£AT k-tZ C\ tX\ U-f-,IJSffl 

fc, affi7 7*^as<ssE-ct, ¥*m£*t tfe it s an 

m*^m zw&r %> r. t # -e # 5 „ 
[0091] afc N v— if-Bsitxstfcv^-rffiM^^ 

^TBIfll©*ii^Wltt!9»#e>n5i#fc, 819 7^7 

SBBH3 J: tJt-t nSr ffl v ^fcKttffi>t*ffll¥*«:K«Sr# 

[0 0 9 2] tfc, £«*H5¥^Btt.SRa!4, JIT- 
p B WSM / #it(AFM)(CT, 5 ^mDJMTOSiJ^y 7t 

[0 0 9 3] ±fB#Jljr^*§t3 3SrJ¥$4 0 

nmtJUBMbLT, J¥^ 2 0nra~6 Onm©©Hf*5Ki-5 C 
t(c4oT, XeCl^^r^W— lf-£$,ltU ^140 

[0 0 9 4] Sfc, ±ffi^ B B B «^T*8l3 3 SJBftfbi- 
5fc*W^/^— tf-i*tCjSft5 0 0nmWT»XeCl 



^Sflf 3 3li*f-r5!KlRffiSk^ffi»-Ci»iVt», #7* 

mm 3 1 \m&3?* -m^s: t * < , ^nsc^ 

»S13 3 ©^-^PBf ^ Sfc, ± 

B£i 4 i 4t;tiPfl5-fSfcit©^i±i^-fb^Bjtg 

[0 0 9 5] *HfoK**S©#afr4r>r*K3 3 

«rft3M(tfBJ£*ifctt: X. <9 m&tS t § , EJ£tt©«^ s 

a£*ffi«u #nK^-f*flS3 3©n^7j<^itg^a 
«-fs - 1 #-e# s 0 550 

fc#ii.W^-r*K3 3(i, J;91fi**itJf ii/^B-Cfi 
5o 

[0 0 9 6] 3=fc, ±IEif5p n pS*S f f B tt^^S)li3 5 -e 
fcS^fleglfttt, ±iehy7^-fM#J!lh7^* 

lib 7 4 7©ft^/^t*l:, SKfaiB*^ 

4 1 36?iJ K&ffl! S 4 8 

-f5©T\ ^©tta^iU 8<D-%<Dnm<o$imy7* 

v ^m&m*mmm e>n s . 

Wmicm^ir^t<DX'f±t£< , r©3PJi©Kfifift®;tl 
[0 0 9 8] , ±Efg l , iH 2 UlSJgStisv^ 

y v^ffii 5 5 ot:a±©)RcvDifetrffl^fc 

[0099] ^ns-^ mmmu^w^f&^i 
^-r^^^mm^m^x^^ mmcovhmmhhz* # 

5j v £Ki: LfdISiIrffctffT ton, &&&&& <k V ±% < , 
[OlOOlSfc. a - S iJRtOfeSftXStfctt Si 

ffi IC 1 0 0 0 ~ 1 2 0 0 °C* T-±# £ -tirTiPfSi- 5RT 
A (7 fy K • f— -7 A- • T--;V£fcf±RTP (7 fj/ 



fcS4 8 8nmWiSrfgl8JSArU— 1f-^tP»Cigffl-5I 

[oioi] *fc, jcMW,i,m2mmwmx\t, ^© 
mhyyitxf^m ^c-mghm^wm ©r t t -r t-v 

hy :?*X*«io^T©mK£fTofc;5\ ±1B8Btl«7 

-efeSo #Jit, llENlilFy^^x^ldD^t^ P 
§a»BIb7V^^trfliMK('t»J*L, CMOSDfe 

t^x^So je.ci^i±, i.m<Dm 1,^2 mm 
mmx-mw utMo s a h y v-^x ^ tpg &-r, s* B a B tt 

Sl^fC h 7 X5?^ Sr (4 Z » i: LT *Il£ < n ir ^ 

[0 1 0 2] 

l x i O W ato ms /cmSlT<O0^Kt.tli-m^^M<r> 
tr4 mmiCrc^/Vdf- tr- A r t |c J; o T± 

[0103] Lfc/jSor . ii*ri i (Dwm^mvmm 
ttftfbSftfctf Ste*^ **fc*i^-c, jgffi©7 7^^ 

* t ffi«-f - 5ii^t*t*C 7 7 * * 
fc, ^/w J: 9 HSftfb* ftfcftAtt 



a>oO*tt, g£tt;)^<, »©*^©#tt£lH± 
SftSifittffifl; • S5*»b ■ «H4*S-'fk;as0JXs 

-tz^^Y y v"^®o7^-f^ h y * 

* SIS £ ^v'a-^^y/^HL 
[0 10 4] M#S2ro»ipl©¥*#*BiH:, m 
)i©^-T*ffllO«tf 2 x 1 0 "atoms/cnV 

[0 1 0 5] 4fc, 1*3^3 (DftHQ^ttftKtt, 1* 

#JI i Sfctt 2 n^mwmwt^is^x, ±M^*j^~ 

t-'-^fiWiro^*ligffi©ipi*Jffift$Rafi, 5nm 

©Sdatt^-1' *JI*3 £ i*Er*L«rffl v ^fcSSttfcfcfHB** 
[0 10 6] *fc, »*«4©»M©***i»BStt, if 

xmzoi^mimm^^x, isa^aBraan©^ 

Iffl^Ratt, JS-?ra*»^l-io-C 1 0 nmdUTtD 

[0 10 7] £fc, 5©3S$©^#i¥ll(i, ft 

*3Sl75S4W^TH/j^loO^^?)|)Iitc*5^t, ± 
IE# H B H K*fctt^*S 1 i,^©^'f *SI»ff:$/jS 2 0nm-6> 
b 6 0nn>©?&lffll*IT-fc5©T\ J5£ 6 0 nmWT^-f * 

- f-A^ffiML, asBafcilg^feirftt^ k f m, 

m*6 0nm&T\mmitir6^b\-i:oX, ^-Z-jvtf- 
t"- A RMt« left 5> ft 5 ift Jltt^'f * SISciB © ¥«3H*I 



[0 10 8] *fc, M*«6©«W©**flE?»Bt©Slffi 
if&fi, K^TK^jSS^l x 1 O^atoms/cmW©^ 

w iBKSLTi^^- tr- a frflMffs r. t i~ £ o 

[0 10 9] LfciS-oT, M#JS6©?S8!©^jIft:^lI 
©Mit^i' ±ftti\ ^/w-=¥- f- AflSJttit©^ St 
fltfc&v-c, $17 r. k *s -et , 

1"5 ir#i^ ^fb^©^ Iff Jig l-J^TiW©^-'!* 
* # „ ^ lefc it 6 ft fitter £ Kit T 

t 5 fc», j: "9 m&mtemihm'r-f mmx'hz* 
mmmtmbti, %<o*mtmmim^xs: vn&m 

[Olio] ifc, »3ftJS7©3SW©***»«©SBit 

i5#N B B w*fci±»rB^s©^^«ii*±iai-5i^i- 

*^V^-C, ±B^W ^fH©liI^7K*ji^^2 X 1 o' 9 a tom 
s/cmVTt- Lfc©T\ ^^=¥- t*-AjfJtB#©!SM 

-^fl^T d ffli x 5 n t ft X # 5 o 
[0 111] t##il8©%BJ!©^#:i¥JS©fiit 
7?fe!4, If #1 6 * fcH 7 ©^»#*«©Kjt^ite tfe 

v^r, ±E*iMt*fcr±«»il*Mi©4rW *JISrg H B B fb 

1-5fc*©^^/l-^f— t*— Aft, igfi:5 0 0runKi.T©l^ 

-■ y-at-efc 5 © T\ ±E*fiSt4 fc tt«feH«© T 
-Y^«rfe B Bft1-5©(cSS5 0 0nrtlToi^-f-* 

3tf7^*Kt»W^-5?S:**.6r.i:i5c<, 

ftttj»©^**SrW»fc, HjSI 4 1 4°Cicin^Tf 
-5 J: 5 t v— f-iMtiiMk-tZ Z k -65 Bret fts. 
[0112] ifc, »**9©»^ro^*ft:»Rro«ijS 

EiSS5 0 0nmWT©L— -f-)tf±?Sfi:3 0 8nm©Xe 

tSMit-/^-SSi ! 2 5 0-4 0 0mj/cm 2 ©@H 

T, ±E^-f*»**Sftfl;S*fc©"e, J:fES«3 0 8 
nm©XeClai^^U— !f-3ttt, tti^^^^^fcfc, 

«a6KK:»lfi:L. J W-< . Sfcfflafett*«lSSej£LT*i 
t, 2 5 OraJ/cmVtrolSt^^'-^TSi, 7" 



-f *R*i#e>^«-*, 4 0 OmJ/cm 2 «±©.lf,Wa.^ 
S ft. lW±x^;^-7 yyttt A#4««© 
[0 113] »*3Si o©*W»^fMffl&0» 

(Dm^-m-^x, ±isi«****gs:*ri-5#ait 

*fctt«ISS«ligro^^*|||![SrJta(i-SXSt*3^T» 

S D ^-7> htS5««*itg*v'!J 

$81flT7>PJ8l|z£g£: 1X1 o" ? Torr^Tl--r5 itt 

ffiJfrfSi^T-SSo 

[0114] ifc, ff*rii i©«w©**fl£f»i»©Si! 

jt^rfeii, tt*ii6 nm. 9 ©v-r*tij» i ^<o^m\mm 

D±ffi^*«&*««1-5©-?, Si.H.fcJfc"*, Rj£ 
i«ft5£*!cj*)Jljgg£(g«U t#bnS7^5iflBI©Ii 

T-tso 

[0 115] *fc, fflfcftJKl 2»38E©5*IBMN*ft:£« 

h 7 v ^ ^ sr ^r-t- a *)s*3(t ft=i£e t *s ^ r , 

So 

[0 116] LWoT, IS*iIl 2(DWM(DMM*m 

\zi.<QBl$.l,tc<DX\ mmm%Mjfit£)sbhMzt£'0 , 
try- MM*M»Iffi#l4Sr*t < m 5 

y r^Kfto, h^^^twic&ttsm^iP: 

8Wifc9**:*<&5. B8»**A'¥-**©rf6 1 
%S{iU"</HcWix.5r.i:^T*#5 0 Lfc^ot, i© 

r * 7 ^ 7~> h y ? 7gf£© i 5 

T?#So 



[0 117] f»*g[l 3©%^©?tJg^f$agK- 
S*ifcJWItiN»#3Safcftv^T, JhGWK h 9 Wz. 9 

© ^ t i(onm h ? > ? \mwt £ nit± 

B*t«j**ftfllrit1-«-*©«ii Sr. »#* 1 5 
©v N-f 1 o©¥Wfc*JR£;i ^XM&L Lfc t> ©7?fc 

So 

[0 118] LfcjSot, 3C0?gP^©r#flI« 

ft&K£ inii, ±e* astftiigirfb s tifc7-< smw-c 
7 t-rs^ie^fr^^i-fc^T, ^©js-he 

ffi«S^lJffl-C#5-*-, ?fe B B S^il©T^7-i'7'-v h y 
m b 7 7'^ ^ ©T^^/MpiSfc « B B B B*#» t 

is X mi bo £ *s^# < fS« Sii, M>^»© tf 6> o t 

[HffiroffiWilftBJ] 

[13 l ] 0 l II i/-f-Mi^;^-M -5- — r sss 
[12] B2U1/- 1f-R8JWl«[©^'f 

So 

[ii3] n 3 im i mmwm.(D^mimm<Dmm^m 

[84] B 4 liSS l gdBg«t*ittS w>-lf-fiB#*x 

[H 5] U5iim2^iSff?®co^i»^lS©M5t^ 
SrfflV^fcfc B B «^|ga©7^x-i'7v h y 7^»I©¥ 

1(16] E6iim2^SISJgffio*iSE**l«oKjS*S 

^^1-Xg!H7?fo5o 

[H7] ®7K^&m&mto\fzm*n*miiM 

( A F M) i&Z^-fmXh S„ 
[«F*ORW] 

1, 3 l---Kfc 

2, 3 2-T««, 

3, 3 3-#a«r^*Mk 

4, 3 4-u—if—3fe, 

5, 3 5-ISttWS, 
3 6--^^^ s 

7, 3 7 M6WH, 

8, 3 8---y- ns> 

10,4 O-^FJEfe'Td-^, 
11,41 ■••^^/MWic, 



12,4 2-y-^ 16,4 6-I$I*I 

1 3, 43- fk«, 1 7, A7-mmm^^\^/mnmv7^ 

1 5, 4 
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